A fluid flow speed sensor based on Fiber Bragg Gratings (FBGs) is proposed and demonstrated. Two FBGs are attached to an arc-shaped plastic piece at the same distance from both edges. The fluid flow to be measured pushes the structure stretching one side and compressing the other one. The sensor has been successfully checked by subjecting the device, to different air flow controlled conditions inside of a pipe. Low energy impact detection has been also reported with the proposed device.
INTRODUCTION
The global modern economy relies on an extensive network of pipelines which carries very different materials like industrial waste or raw materials such as gas, crude oil or even water. A pipeline network failure can provoke enormous economic and environmental losses and it can be prevented with the right maintenance. There are a lot of typical damages which can spoil a pipe such as corrosion due to de environmental conditions, excessive flow or pressure, transportation of corrosive waste, impacts of dragged materials, etc… Some of these parameters have been measured with different optical fiber technologies such as Brillouin distributed sensors applied to evaluate pipe deformation [1] or even to detect leakages.
Optical fiber sensors [2] have also been reported to measure flow speed. One example is the hot wire anemometry in which the cooling time of a heated wire (ie. optical fiber) is measured to determine the flow speed [3] . Hot wire anemometry is a much extended technique but usually it is oriented to measure very low flows and with a little density like air so, to apply this technique to harsher environments such as monitoring a waste pipe can be trickier. Other approach based on a deformable cantilever beam instrumented with a single Fiber Bragg Grating (FBG) have been also reported to measure wind speed in outdoor scenarios [4] . More dense fluid flow speed has been also measured by placing an optical fiber probe in the middle of a pipe [5] . With this technique based on index refraction, to detect different materials such as air bubbles in the middle of water has also been reported. The studied approaches show the feasibility of optical fiber sensors to measure flow speeds and detect anomalies inside the flow but usually with an impractical implementation for most of the harshest environments.
In this work, a FBG transducer designed to achieve a very good sensitivity to measure a fluid flow speed with a simpler installation procedure is shown. The ratio between sensitivity and fiber protection can be balanced to measure under very different conditions just by changing the holding material and dimensions. An arc shaped beam instrumented with FBGs is attached inside of a pipe to quantify the speed of the flowing fluid. The tested design was implemented to measure air flow speed for being the hardest fluid to be measured in sensitivity terms (lowest density). Some small objects were added to the air flow to hit the sensor in order to detect dragged elements.
SENSOR ARCHITECTURE
As shown in Figure1, the architecture of the fiber transducer is based on two FBGs symmetrically attached to the middle of an arc-shaped piece. The FBGs are attached to the piece in such a way that the fluid flux stretch the first FBG (saw from the incoming fluid) and compress the second one. In 
